Necropsy and histopathologic examination of three Great Cormorants (Phalacrocorax carbo) shot in Niigata, central Japan, revealed goitrous changes in the thyroids. Thyroids had a hypertrophic follicular epithelium, loss or deficiency of luminal colloid, occasional small follicles suggesting hyperplasia, and occasional collapsed follicles. Irregularly shaped follicles were frequent, and hyperemia, deposition of dark pigment, and sporadic lymphoid aggregates were also seen. Chemical analysis simultaneously conducted showed higher than normal levels of dioxins in the liver, muscle, and fat, i.e., polychlorinated dibenzo-dioxins, polychlorinated dibenzo-furans, and coplanar polychlorinated biphenyls. The present results, together with those of relevant previous studies, strongly suggest an association between these pollutants and thyroid lesions in the Great Cormorant.
Previous studies have indicated that organochlorines are associated with various abnormalities in wild piscivores. In fish-eating birds, these abnormalities include decreased reproductive success (Fox et al., 1991; Van den Berg et al., 1992; Yamashita et al., 1993) and histopathologic changes in the thyroid gland (Moccia et al., 1986; Saita et al., 2004) . Similar changes in thyroids have also been found in other wild animals, e.g., a euryhaline teleost (Zhou et al., 1999) and marine mammals (Schumacher et al., 1993; Guise et al., 1995) . In experimental studies involving organochlorine-exposed rats (Sewall et al., 1995) , common seal (Phoca vitulina, Brouwer et al., 1989) , American Kestrels (Falco sparverinus, Hoffman et al., 1996) , Mallards (Anas platyrhynchos, Fowles et al., 1997) , and Japanese Quail (Coturnix japonica, Grassle and Biessmann, 1982) , morphologic changes were reported in thyroid glands as well as signs of immunosuppression and drastically reduced levels of circulating retinol and thyroid hormone. Furthermore, various data obtained in a recent study on Jungle Crows (Corvus macrorhynchos) in urban and suburban Tokyo (Kobayashi et al., 2005) strongly suggested an etiologic connection between dioxins and thyroid lesions. Among a multitude of environmental chemicals, much attention has been paid to dioxin and dioxin-like compounds including polychlorinated dibenzo-dioxins (PCDDs), polychlorinated dibenzo-furans (PCDFs), and coplanar polychlorinated biphenyls (Co-PCBs) because of their presence in the environment and their potential for bioaccumulation (Guruge and Tanabe, 1997; Senthilkumar et al., 2002; Braune and Simon, 2003; Kannan et al., 2003) . In that respect, the Great Cormorant (Phalacrocorax carbo) has been a good subject for such studies because these birds can have thyroid hyperplasia (Saita et al., 2004; Nakagawa and Niizuma, 2006) in association with pollution by organohalogens (Guruge and Tanabe, 1997; Guruge et al., 2000; Senthilkumar et al., 2002) . These studies included the birds associated with metropolitan areas in Japan (Saita et al., 2004; Nakagawa and Niizuma, 2006) , where the cormorants breed and have a history of exposure to environmental pollutants through the food chain. Recently, the population of the Great Cormorants has been increasing and expanding their distribution in Japan (Fukuda et al., 2002) ; however, very little is known regarding the health of these birds. The present paper reports histopathologic changes in the thyroid gland and accumulation of dioxins in the liver, muscle, and fat in the carcasses of Great Cormorant obtained from Niigata (Table 1) .
Birds were randomly shot in the vicinity of a breeding colony located at Kanosé (37u419N, 139u299E), Niigata Prefecture, central Japan, on 6 June 2006. Carcasses were quickly frozen and kept for 48 hr at 220 C. Also, tissues from an adult male and an adult female Northern Pintail (Anas acuta) that were collected during the course of an unrelated field study at Hyoko Waterfowl Park, Niigata (approximately 20 km from the cormorant breeding colony), were included in this study for comparison; Northern Pintail and Great Cormorant are sympatric in the study area but differ in feeding habits. Carcasses were thawed and internal organs, including the thyroid, were fixed in 10% formalin or Bouin's fixative. Tissue blocks were embedded in paraffin following routine methods (Bloom and Fawcett, 1968 ) and sectioned at 8 mm. Special stains included Mayer's hematoxylin-eosin and azan trichrome or periodic acid Schiff's reagent (PAS) for demonstration of polysaccharide and Hueck's Nile blue stain for identification of lipofuscin. Selected tissue blocks were refixed in Karnovsky's solution, immersed in 1% OsO 4 for 2 hr and embedded in Spurr resin. Semithin sections were stained with toluidine blue in borax and examined with a light microscope.
For quantitative histologic evaluation of the thyroid gland, mean follicle diameter and mean epithelial height were compared between the cormorant and pintail samples. For this purpose, 50 randomly selected follicles per individual were measured under a light microscope equipped with an ocular micrometer. Differences between the means were evaluated by using a Student's t-test. A value of P,0.05 was considered statistically significant. We did not count average follicle number per unit area as a histologic parameter of thyroid hyperplasia (Saita et al., 2004) because the follicle density was highly variable, depending on the degree of hyperemia.
Pectoral muscle, liver, and fat from subcutaneous and peritoneal adipose tissue were used for chemical detection of dioxins, and concentrations of PCDDs, PCDFs, and Co-PCBs were measured according to standard techniques (Ministry of the Environment, 2003) . Values of each chemical were expressed as 2-, 3-, 7-, and 8-tetrachlorinated dibenzo-dioxin toxic equivalents (TEQs); and PCDDs, PCDFs, and Co-PCBs were also estimated as toxic equivalency factors for birds, as presented by the World Health Organization ( Van den Berg et al., 1998) , assuming a nondetection result as half of the detection limit.
The three cormorants (Sp-1, -2, and -3) were judged to be hatching-year males based on body size, external features, gonad maturity, and size of the remaining bursa Fabricii (Table 1) . No abnormalities were observed in the internal organs at the macroscopic level. However, histologic examination showed a striking lesion in the thyroid of all three cormorants (Fig. 1A-C) in comparison with the thyroid histology of the pintail (Fig. 1D) . Hypertrophied follicular epithelium was consistent in the cormorant thyroids ( Fig. 1) , as shown by the difference of mean epithelial height, i.e., 7.861.1 mm in the cormorant versus 2.660.0 mm in pintails (P,0.05). Occasional small follicles suggesting hyperplasia were also observed in the cormorants, although there was no significant difference in mean follicle diameter between the cormorants (47.866.8 mm) and pintails (77.4611.5 mm).
The amount of luminal colloid tended to be deficient, and follicles without luminal colloid were very common in Sp-2 and -3 (Fig. 1B, C) , probably due to follicle collapse, goitrous changes, or both. Also in Sp-1, changes leading to follicular collapse were evident, as depicted by the presence of epithelial cells that had fallen into the lumen and enlarged epithelial cells that appeared to have engulfed a colloid mass (Fig. 1A) . Moreover, sections from Sp-1 showed sporadic lymphoid aggregates in the stroma (Fig. 1A) . Hyperemia and numerous deposits of lipofuscin-like dark pigments were recognized in the gland of Sp-3 with goitrous changes (Fig. 1C, inset) . No fibrosis was found in the thyroids. Chemical analysis indicated higher values of dioxin in the liver, pectoral muscle, and fat of the cormorants in comparison with those values for the pintail (Table 2 ). Values of PCDDs (pg-TEQ/g ? wet weight) were 1.1-1.9 for muscle, 0.82-2.4 for liver, and 30-49 for fat, being approximately 8-to 22-fold higher on average than those of the pintail. The range of values of PCDFs was 0.58-1.6 for muscle, 2.7-4.7 for liver, and 18-67 for fat, and these values were higher than those for pintails, 0.19, 0.28, and 3.7, respectively (Table 2) . Values of Co-PCBs ranged from 3.0 to 9.6 for muscle, 4.0-42 for liver, and 120-2,300 for fat and were 11-to 71-fold higher, on average, than those of the pintails.
The present study, although limited in the number of samples, showed thyroid lesions and significant dioxin accumulation in the internal organs of the Great Cormorants from Niigata. Thyroid lesions observed in these cormorants were histopathologically more severe than those of Great Cormorants from Tokyo (Saita et al, 2004) and Aichi (Nakagawa and Niizuma, 2006) or those of Jungle Crows from Tokyo (Kobayashi et al., 2005) . Thyroids of animals from Tokyo and Aichi were diagnosed as being simply hyperplastic. The severe thyroid lesions that presented in our study seemed to be histopathologically more complicated and were comparable to lesions observed in marine mammals affected by PCB pollution (Schumacher et al., 1993) . Although these lesions were observed in hatch-year birds, it is possible that the exposure and lesions occurred earlier, i.e., as chicks or embryos, and probably through maternal exposure. We assume that the observed thyroid lesions were caused by environmental pollutants, most probably dioxins and related chemicals, as suggested by previous studies (Moccia et al., 1986; Capen and Martin, 1989; Rolland, 2000; Saita et al., 2004; Kobayashi et al., 2005) . Among the dioxins detected, Co-PCBs showed the highest tissue concentration, but dioxin concentrations (PCDDs, PCDFs, and CoPCBs) were generally lower than those previously reported in conspecific samples from Lake Biwa, Shinobazu Pond, and Godaiba Island in Japan (Guruge et al., 2000) . For example, mean hepatic Co-PCB concentration (pgTEQs /g ? wet weight) in the samples from Niigata (present specimens) was 17.1, whereas the corresponding values were 670 for adults from Lake Biwa and 21, 410, and 1,900 for chicks, juveniles, and adults, respectively, from Shinobazu Pond (Guruge et al., 2000) . No histopathologic data were given in the paper of Guruge et al. (2000) . Saita et al. (2004) suggested a (Capen and Martin, 1989; Rolland, 2000) . Concerning this subject, effects of hydroxylated metabolites of PCBs should be specially noted because they are structurally similar to thyroxine (T4) and possibly alter thyroid hormone status by being bound to plasma thyroid hormone-binding proteins (Sandau et al., 2002) , disrupting thyroid hormone-mediated neuronal development (Kimura-Kuroda et al., 2007) . This mechanism may explain the lesions observed in thyroid glands that were previously reported in various wild animals (Grassle and Biessmann, 1982; Brouwer et al., 1989; Sewall et al., 1995; Hoffman et al., 1996; Fowles et al., 1997; Kobayashi et al., 2005) and in the present case.
In conclusion, our results support previously reported results from the Great Cormorant (Saita et al., 2004; Nakagawa and Niizuma, 2006) and other wild animals (Grassle and Biessmann, 1982; Brouwer et al., 1989; Sewall et al., 1995; Hoffman et al., 1996; Fowles et al., 1997; Kobayashi et al., 2005) by providing detailed histopathologic evidence correlating organochlorine pollution and thyroid lesions in the wildlife of Japan.
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